Abstract
Potato (Solanum tuberosum) is a fertilizer intensive tuber crop which responds well to bio-fertilizer towards high economic yield. The experiment was conducted to evaluate the economics of biofertilizers like Azotobacter,Vesicular Arbuscular Mycorrhiza (VAM) and Phosphate Solubilizing Bacteria (PSB) application for potato cultivation in Central Plain Zone (Pb-3) of Punjab. cake (5 qha ) was done as basal dose. Intercultural practices were carried out a s p e r r e c o m m e n d a t i o n a n d observations were recorded on vegetative growth, leaf area index, harvesting index, yield of tubers, economic attributes and benefit cost ratio. tonnes ha , respectively). The highest benefit cost ratio (1.585:1) was reported in T followed by T (1.342:1).
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Biofertilizers like PSB, VAM and Azotobacter have capacity to improve resource utilization efficiency so these inputs can be used to reduce consumption of inorganic fertilizers by 50%, improve economic yield by 17.02 to 86.88% and double the farm income.
Introduction
Potato (Solanum tuberosum) is commercially grown throughout the tropics, subtropics and temperate region of the world. Potato tubers have high nutritional value, energy content and very high economic advantages which will be suitable for developing economy (Van Gijssel, 2005; Mc Gregor, 2007) . India ranks third position in production of potatoes following China and Russia and accounts of 48009 thousand MT to area of 2076 thousand hectares and productivity 23.125 MT per hectare during year 2014 -15 (NHB, 2017 . Potato crop has high nutrient -1 -1 requirement as nearly 100 kg N ha and 20 kg P ha is being used -1 from soil for yielding 25-30 t ha of tubers (Dash and Jena, 2015) . Plants mostly take nitrogen in the form of nitrate and utilize them for synthesis of nucleic acids, proteins, chlorophyll and many nitrogen containing compounds (Almodares et al., 2008) . Potassium is a major cation in phloem and has been reported to promote phloem transport of photosynthates (Lemoine, 2013) . Excess application of nitrogen not only damages the crop quality and environment but also represents unnecessary economic expenditure of the farmers.
The high cost of chemical fertilizers along with the related ecological and health hazards necessitate finding out the alternate nutrient sources to sustain the crop yield without any adverse effect on environment. Application of organic materials like compost and biofertilizers can add and compensate the nutrient loss from soil. These organic materials will also help to restore, maintain and improve soil fertility to increase production in the given set of soil and climate. Bio fertilizers such as Azotobacter and phospho bacteria (PSB) have been recognized as important inputs for improving soil health and fertility for sustainability in crop production (Mohammadi and Sohrabi, 2012) .
Biofertilizer contains living cells of various microbes that have the ability to make the nutrients available to the plant through solubilisation of unavailable nutrients like phosphorus and potassium or fixation of atmospheric minerals like nitrogen. Application of biofertilizer reduces consumption of inorganic fertilizers by 20 -50% and can improve the crop yield by 10 -20% (Mirshekari and Alipour, 2013) . Microbial biomass, present in biofertilizers, add organic matter to soil so can improve soil fertility (de Araújoet. al., 2014) and can be better option than FYM for improving potato tuber yield (Narayan et al., 2013) . Considering the positive impact of nutrients to enhance the yield and negative impact of inorganic sources (chemical fertilizers) over the soil and plant health, the present study focus on biofertilizers application in combination with chemical fertilizers to improve the growth and yield of potato in Central Plain Zone (Pb-3) of Punjab. 
Materials and Methods

I. Lallawmkima et al. 986 Treatments
After The number of days taken for complete emergence was counted from date of sowing and survival percent was calculated as per the number of plants survived after 60 days of complete emergence. The plant height and number of branches (primary and secondary) of all randomly selected plants was measured at 30, 45 and 60 days from the date of complete emergence.
The Leaf Area Index (LAI) of potato plant was determined after 60 days of planting as the ratio of total area of leaves to the area occupied by plants. Harvest index (HI) was calculated by dividing the dry matter of tubers obtained on a particular harvest date by the total plant dry weight (Mazurczyk et. al., 2009) . Average fresh and marketable weight of tubers in g per plant was determined with the help of weighing machine and was calculated to determine yield as kg per plot and tonnes per hectare.
The cost of cultivation of crop was calculated separately for each treatments by adding the value of each inputs, labour charges, irrigation charges and intercultural operations practiced during the crop season. The yield of each potato produce were converted into gross income based on the prevalent market price. The net income was calculated by deducting the cost of cultivation from the gross income obtained from each treatment. All were expressed in rupees per hectare. The Benefit Cost ratio (B: cratio) was calculated by dividing the total gross income by respective cost of cultivation.
The observations recorded on vegetative growth of potato plant include emergence, survival, plant height and number of branches. The data presented in Fig.1 confirms that all the treatments, where bio fertilizers were applied, showed significant improvement in emergence and survival of plants. The plants of T (50% of RDF + PSB+ Azotobacter+ VAM+ Mustard 8 cake) took least (18.33) number of days for complete emergence with highest (98.44%) survival, followed by T (20 days and 6 97.91%, respectively) and T (20 days and 97.13%) which might 5 be due to increased availability of bio-stimulants or growth promoting substances like phytohormones and vitamins in the presence of Azotobacter (Bhattacharya et al., 2000 , Kumar et al., 2001 . Lone et al. (2015 had also confirmed better emergence of potato plants under application of biofertilizers .
Results and Discussion
The observations from Table 1 and Fig. 2 , clearly reflected non-significant effect of biofertilizer application on the plant height, however the highest (78.21% and 181.31%) growth was reported to be in T (50% of RDF + PSB + Azotobacter + 8 VAM+ Mustard cake) at 45 and 60 days of emergence, respectively. Similarly, the highest (3.666,5.466 and 6.333, respectively) number of branches (Table 1) were recorded in T 6 (50% of RDF + PSB+ VAM + Azotobacter) at 30, 45 and 60 days of emergence followed by T (3.533) at 30 day sand T (5.033 and 7 8
6.166) at 45 and 60 days of emergence, respectively. The presence of VAM fungi might be responsible for providing resistance against the low temperature, disease and pest attack so maintaining the vegetative growth at later phase. The present finding is in conformity with Yao et al. (2002) in micro propagated Gold rush and LP89221 cultivars of potato. Dash and Jena (2015) had also confirmed the growth promoting attributes of Azotobacter and PSB combination in potato.
The continuous nutrient supply by slow releasing biofertilizers like PSB, VAM and Azotobacter ensured efficient nitrogen utilization by potato plants subsequently, higher vegetative growth (Table 1 and Fig. 2 
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(50% of RDF + PSB+ Azotobacter+ VAM + Mustard cake) and 6.31 in T (50% of RDF + PSB+ Azotobacter+ Mustard cake) (Fig.   7 3). The present result can be confirmed by findings of Yin et al. (2000 and 2003) , Najm et al. (2010) and Dash and Jena (2015) .The observations recorded on harvesting index (HI) of potato plant (Fig.3) confirm highest (0.828) harvesting index in T 8 (50% of RDF + PSB+ Azotobacter + VAM + Mustard cake) followed by T (0.787) and T (0.775) which could be due to greater 5 6 distribution of dry matter in tubers at maturityas reported by Mazurczyk et. al. (2009) and can be confirmed by findings of Narayan et al. (2013) who had reported significantly superior harvest index in potato when 75% of RDF was combined with 8 t -1 ha Vermicompost and tubers were treated with Azotobacter and PSB.
The data presented in Table 2 30.21 t ha ). All the treatments where biofertilizers were supplied showed significantly better yield in comparison to plants fertilized with 100% of NPK from inorganic sources (T ) which could be 1 attributed with efficient utilization of nutrients to promote high photosynthetic rate, formation of medium size tubers and increase in production of dry matter in tuber as reported by Dash and Jena (2015); Nandekar et al. (2006); Zargar et al. (2008) and Farag Jr. et al. (2013) during their investigations. Mukhongo et al. (2017) reported highest yield in sweet potato due to application of biofertilizers in combination with inorganic fertilizers.
The economic analysis constitutes calculation of inputs cost, gross income, net income and Benefit: Cost ratio (Table 3) . The highest per hectare cost of cultivation (Rs. 117691.25) was reported in T followed by T (Rs. 110191.25) and T (Rs. 105191.25) while the lowest cost of cultivation (Rs. 66382.50) was reported in T (100% of NPK through inorganic fertilizers) 1 which could be due to cost intensive nature of biofertilizers (Azotobacter, VAM or PSB) or mustard cake as confirmed by findings of Singh and Singh (2015) in vermicompost based intercropping of Amorphophallous in guava.
I. Lallawmkima et al. (1.222:1). The high marketable yield is accountable to higher income and B: C ratio in biofertilizers based potato cultivation. Dash and Jena (2015) had reported maximum gross income and net income due to application of Azotobacter and PSB with 25% lesser dose of nitrogen and phosphorous while, Narayan et al. (2013) had proposed high B:C ratio (1.75) in potato cultivated with -1 75% of RDF + 8 tonnes ha Vermicompost and pre-sowing tuber treatment with Azotobacter and PSB.
Application of biofertilizers like PSB, VAM and Azotobacter improves survival, vegetative growth, LAI, HI and tuber yield in potato due to efficient nutrient utilization and release of growth promoting substances. The biofertilizers can be used to replace of 50% of RDF without loss in profitability of potato cultivation. Among different treatments, T (50% of RDF + PSB+ 8 Azotobacter+ VAM+ Mustard cake) and T (50% of RDF + PSB+ 6 VAM + Azotobacter) have been reported to be economically feasible for biofertilizer based potato cultivation in Central Plain Zone (Pb-3) of Punjab.
